Introduction
============

The impact of heart failure in the global context
-------------------------------------------------

Cardiovascular disease (CVD) is the major cause of mortality in developed and many developing countries, accounting for about 30% of the overall mortality.[@b1-dddt-10-1627] Early mortality rates associated with CVD, including those related to acute coronary syndromes, valvular and congenital heart disease, stroke, and hypertension, have decreased substantially.[@b2-dddt-10-1627],[@b3-dddt-10-1627] A study of the decrease in US deaths attributable to coronary heart disease from 1980 to 2000 suggests that \~47% of the decrease was attributable to increased use of evidence-based medical therapies for secondary prevention and 44% to changes in risk factors in the population attributable to lifestyle and environmental changes.[@b2-dddt-10-1627] However, a great number of patients with these disorders progress with myocardial damage and consequently chronic heart disease, in spite of their lives having been prolonged. Hypertension, which is highly prevalent in the population, is one of the main factors associated with the elevated number of cardiovascular events. Therefore, an increasing number of individuals are exposed to greater risk of subsequently developing heart failure (HF).

HF is a global problem, with an estimated 38 million patients diagnosed worldwide.[@b1-dddt-10-1627],[@b3-dddt-10-1627]--[@b6-dddt-10-1627] The Global Burden of Disease 2010 study reported that from 1990 to 2010, ischemic heart disease, one source of myocardial damage, was the most common cause of death worldwide.[@b3-dddt-10-1627],[@b4-dddt-10-1627] Other very common conditions associated with HF are hypertension and diabetes. HF is now becoming more common, even in low-income and medium-income countries, because a high proportion of the population has a lifestyle that leads to obesity, diabetes mellitus, and in particular hypertension (75% of HF cases have antecedent hypertension). These are well-known risk factors for the development of HF.[@b5-dddt-10-1627],[@b6-dddt-10-1627]

On the basis of data from the National Health and Nutrition Examination Survey of 2009--2012, an estimated 5.7 million Americans over 20 years old have HF. Projections show that the prevalence of HF will increase in the US to 46% by 2030, with more than 8 million people aged 18 years and over with HF.[@b7-dddt-10-1627] There are 915,000 new HF cases annually in the US, with African-Americans having the highest risk of developing the disease because of the greater prevalence of hypertension, diabetes mellitus, and low socioeconomic status in this ethnic group.[@b1-dddt-10-1627],[@b8-dddt-10-1627] A 50% increase in the number of new cases of HF is also estimated, mainly due to the aging population.[@b9-dddt-10-1627]--[@b11-dddt-10-1627]

HF occurs most commonly in elderly people: it is the most common diagnosis at hospital admission in patients aged 65 years and older. Every year, about 1 million hospital admissions occur for HF in the US, with a similar number occurring in Europe.[@b1-dddt-10-1627],[@b9-dddt-10-1627],[@b10-dddt-10-1627] In patients aged over 65 years in the US, the 30-day mean hospital-readmission rate is around 30%,[@b9-dddt-10-1627] with 83% of patients hospitalized at least once and 43% hospitalized at least four times.[@b12-dddt-10-1627] In developing countries, such as Brazil, HF is responsible for 20% of the total patients admitted to hospital with CVD.[@b13-dddt-10-1627]

Treating HF individuals is a very challenging task. The art of forming a diagnosis, staging the disease, and establishing an adequate drug association for the patient is crucial for clinical benefits. From the 1990s to the beginning of the 21st century, neurohormonal blockade has comprised the mainstay of therapy.[@b14-dddt-10-1627]--[@b19-dddt-10-1627] The activation of neurohormonal pathways, such as the renin--angiotensin--aldosterone system (RAAS) and the sympathetic nervous system (SNS), is very important in the pathophysiology of HF. The inhibition of these pathways was a breakthrough in the treatment of HF. The importance of the RAAS is shown by the results of its blockade using ACE inhibitors (ACEIs), angiotensin-receptor blockers (ARBs) and mineralocorticoid-receptor antagonists.[@b14-dddt-10-1627]--[@b17-dddt-10-1627] In turn, the beneficial effects of β-blockers suggest that the SNS has a role in HF.[@b18-dddt-10-1627]--[@b21-dddt-10-1627] Although survival after the diagnosis and treatment of HF has improved over time, especially in patients with reduced ejection fraction (EF), many patients now experience a more prolonged course, resulting in increases in the prevalence of the problem in the population and the economic burden on the health care system.[@b1-dddt-10-1627],[@b22-dddt-10-1627]--[@b24-dddt-10-1627] Even so, the death rate remains high: \>50% of people diagnosed with HF will die within 5 years.[@b1-dddt-10-1627],[@b24-dddt-10-1627] The number of deaths by any cause attributable to HF was approximately as high in 1995 (287,000) as it was in 2011 (284,000).[@b1-dddt-10-1627] In patients aged over 65 years in the US, the 30-day inpatient-mortality rate for patients admitted to hospital with HF is fairly constant at about 11%, with similar results in Europe.[@b25-dddt-10-1627],[@b26-dddt-10-1627]

The 5-year survival rate for HF is worse than it is for most cancers, and the annual cost of care for HF in the US has been estimated to exceed \$30 billion.[@b7-dddt-10-1627],[@b27-dddt-10-1627] Projections show that by 2030, the total cost of HF will be almost 127% higher than 2012: at \$69.7 billion. This equals \~\$244 for every American adult.[@b7-dddt-10-1627] HF is a particular threat in middle-income and low-income countries, where the adjusted hazard ratios for case fatality are 2.61 and 3.72, using high-income countries as the referent.[@b28-dddt-10-1627]

Evidence shows that the use of β-blockers and mineralocorticoid-receptor antagonists added to ACEIs results in incremental decreases in the risk of death of 30%--35% and 22%--30%, respectively.[@b18-dddt-10-1627]--[@b20-dddt-10-1627] Despite this, much study is still needed to improve our understanding of the pathophysiology of HF and to develop new approaches to prevent or improve the care of patients with this lethal condition. Research on HF is now quite dynamic worldwide, and many areas are being explored with the discovery of new pharmacological options. Therefore, this article reviews the physiology of the natriuretic peptide (NP) system. It also considers how novel therapeutic agents that enhance NP levels, in particular those that simultaneously suppress the RAAS, may represent a new opportunity in the treatment of HF. Finally, it also discusses the PARADIGM-HF trial[@b29-dddt-10-1627] and the implications it may have on the care of patients with chronic HF.

Neutral endopeptidase: a new target for cardiovascular disease treatment
========================================================================

NPs constitute a family of similar, but genetically distinct peptides, including atrial NP (ANP), brain NP (BNP), and C-type NP (CNP).[@b30-dddt-10-1627]--[@b33-dddt-10-1627] ANP and BNP exert their physiological actions through NP receptors type A (NPR-A) and type B (NPR-B), which are coupled to and activate guanylyl cyclase A. This increases the intracellular concentrations of the second messenger, cyclic guanosine 3′,5′-monophosphate (cGMP), known to be the active mediator of biologic effects that include vasodilation, natriuresis, diuresis, inhibition of the RAAS, endothelin, and vasopressin, and lipid mobilization.[@b34-dddt-10-1627]--[@b36-dddt-10-1627] Moreover, it reduces sympathetic drive and has antiproliferative and antihypertrophic effects.[@b34-dddt-10-1627]--[@b36-dddt-10-1627] Distension of the atria and ventricles, as occurs in ventricular dysfunction and HF, results in significant increases in the expression of NPs, particularly of ANP and BNP, as a compensatory response.

On the other hand, NPs have a short half-life in the circulation, with neprilysin (neutral endopeptidase 24.11 \[NEP\]) being the main enzyme that degrades them.[@b37-dddt-10-1627] Therefore, NEP inhibitors would augment active NPs, increasing the generation of myocardial cGMP, which would improve myocardial relaxation and reduce hypertrophy. Moreover, neprilysin inhibitions should protect NPs and protect against the bradykinin catabolic process, and thus would shift the balance of endogenous hormonal factors from a vasoconstrictive, sodium-retaining, and hypertrophic state toward a more vasodilator, natriuretic, and cardioprotective condition, and hence they were expected to be effective in the management of hypertension and HF.[@b38-dddt-10-1627] However, the beneficial effects in patients were modest, and NEP inhibition alone did not cause clinically meaningful reductions in blood pressure.[@b39-dddt-10-1627] In addition to increasing the concentration of circulating NPs, NEP inhibitors were found to elevate the concentrations of two other circulating vasoconstrictor agents -- angiotensin II and endothelin 1 -- whose breakdown is dependent on NEP.[@b40-dddt-10-1627]--[@b42-dddt-10-1627] These two opposing actions, ie, inhibition of the degradation of both vasoconstrictor and vasodilator peptides, neutralized the effects of each other, and as a consequence NEP inhibitors alone had little effect on blood pressure or HF.[@b43-dddt-10-1627],[@b44-dddt-10-1627] [Figure 1](#f1-dddt-10-1627){ref-type="fig"} shows a schematic of NPs and bradykinin and the physiological effects of both.

Vasopeptidase inhibition
========================

As hitherto described, elevations of circulating angiotensin II due to NEP inhibitors neutralize vasodilator and natriuretic actions. Therefore, it would be interesting to ascertain whether the clinical benefits of NEP inhibition might be enhanced by the concomitant blockade of the RAAS. This concept was the basis for a new drug class known as vasopeptidase inhibitors, which simultaneously inhibit two key enzymes involved in the regulation of cardiovascular function: NEP and ACE. These inhibitors reduce vasoconstriction and enhance vasodilatation, reducing vascular tone and lowering blood pressure.[@b45-dddt-10-1627] Therefore, the initial vasopeptidase inhibitors had a dual mechanism of action, acting as neprilysin inhibitors and ACEIs. [Figure 2](#f2-dddt-10-1627){ref-type="fig"} shows a schematic of the mechanism of action of neprilysin and an ACEI (omapatrilat).

Omapatrilat, the most extensively evaluated of such agents, demonstrated its capacity to inhibit the pressor response to angiotensin I in rats and monkeys. Moreover, omapatrilat potentiated the natriuretic, cGMP, and ANP excretory responses to exogenous atrial NP in monkeys.[@b46-dddt-10-1627] Omapatrilat also lowered mean arterial blood pressure at 24 hours in some kinds of experimental hypertension (low renin, normal renin, and high renin).[@b47-dddt-10-1627] In healthy individuals, omapatrilat increased urinary ANP and cGMP, indicating NEP inhibition, and increased plasma renin activity, indicating a response to ACE inhibition.[@b48-dddt-10-1627] In hypertensive patients, blood pressure-lowering and vasculoprotective effects were greater than for other therapeutic classes, including ACEIs and calcium-channel blockers.[@b49-dddt-10-1627]--[@b53-dddt-10-1627] However, some studies showed that angioedema occurred more frequently with omapatrilat than with comparators.[@b50-dddt-10-1627],[@b51-dddt-10-1627] The increased incidence of this potentially life-threatening complication is likely due to concomitant inhibition of three enzymes (ACE, aminopeptidase P, and NEP) that participate in the breakdown of bradykinin (the putative mediator of angioedema induced by ACEIs).[@b53-dddt-10-1627] Bradykinin is not only a vasodilator but also enhances prostaglandin concentrations and increases vascular permeability and fluid extravasation.[@b54-dddt-10-1627] The initial question that made omapatrilat an attractive drug became a "double-edged sword".[@b55-dddt-10-1627],[@b56-dddt-10-1627] Due to increased angioedema, the approval of omapatrilat and of further clinical research on the class of vasopeptidase inhibitors was halted.

Novel dual-acting inhibitor of the neprilysin and angiotensin II receptor
=========================================================================

Nowadays, LCZ696, a novel dual-acting inhibitor of neprilysin (sacubitril) and the angiotensin II receptor (valsartan) was designed to minimize the risk of serious angioedema.[@b57-dddt-10-1627],[@b58-dddt-10-1627] ARBs have a lower risk of angioedema than ACEIs, probably because of their neutral effect on metallopeptidases involved in the breakdown of bradykinin.[@b59-dddt-10-1627] This new drug class concurrently inhibits NEP and blocks angiotensin II receptors, thereby offering the cardioprotective benefits of vasopeptidase inhibitors without the increased risk of angioedema ([Figure 3](#f3-dddt-10-1627){ref-type="fig"}).

LCZ696 (Novartis International AG, Basel, Switzerland) is the first drug with a dual-acting ARB and neprilysin inhibitor in a single molecule -- angiotensin II-receptor blockade via its valsartan molecular moiety,[@b60-dddt-10-1627] and neprilysin inhibition via its prodrug AHU377 molecular moiety -- which is metabolized to the active NEP inhibitor LBQ657 by enzymatic cleavage of its ethyl ester.[@b61-dddt-10-1627] The molecular structure of LCZ696, consisting of trisodium (3-\[{1*S*,3*R*}-1-biphenyl-4-ylmethyl-3-ethoxycarbonyl-1-butylcarbamoyl\] propionate-\[*S*\]-3′-methyl-2′-\[pentanoyl{2′′-(tetrazol-5-ylate) biphenyl 4′ylmethyl}amino\]butyrate) hemipentahydrate, was established by X-ray crystallographic techniques.[@b57-dddt-10-1627] This drug is also known as angiotensin-receptor and neprilysin inhibitor (ARNI).

Spotlight on sacubitril--valsartan for heart failure in the PARADIGM-HF trial
=============================================================================

As has been described for more than two decades, RAAS blockers (particularly ACEIs and mineralocorticoid-receptor antagonists) and β-blockers have been the pharmacologic treatment that changed the natural history of HF with reduced EF (HFrEF).[@b14-dddt-10-1627]--[@b21-dddt-10-1627] Now, the new product combination of the neprilysin inhibitor sacubitril with the ARB valsartan represents an attempt to further improve the bad prognosis of HF, reducing the risk of cardiovascular death and hospitalization rate linked to HF. Sacubitril was the first neprilysin inhibitor to become available in the US, and the sacubitril--valsartan (sacubitril 97 mg, valsartan 103 mg) association was approved by the US Food and Drug Administration in July 2015 for the treatment of patients with New York Heart Association class II--IV HF and reduced EF based on a double-blind trial: the PARADIGM-HF study.[@b29-dddt-10-1627] [Figure 4](#f4-dddt-10-1627){ref-type="fig"} shows the central role of LCZ696 (sacubitril--valsartan) in the dual inhibition of the RAAS and of NEP.

The PARADIGM-HF trial was a high-quality randomized clinical Phase III study of the sacubitril--valsartan combination (LCZ696) that focused on the key outcomes of mortality and HF-related hospitalization. This trial evaluated a total of 8,442 patients (mean age 63.8 years, 78.2% male) -- 4,187 patients taking the combination and 4,212 taking enalapril -- with reduced EF (≥35%) and New York Heart Association class II--IV HF symptoms. Participants were randomly assigned to sacubitril--valsartan (200 mg twice daily) or enalapril (10 mg twice daily), in addition to other recommended therapy. Prior to randomization, patients underwent single-blind run-in treatment with enalapril (median duration of treatment 15 days) followed by sacubitril--valsartan (median duration of treatment 29 days) to ensure tolerability. Of the 10,513 patients initially enrolled, 2,079 (19.8%) withdrew from the study during the run-in phase, 1,138 of whom (10.8%) withdrew due to intolerance to treatment; similar proportions withdrew while on run-in treatment with enalapril and sacubitril--valsartan. More than 80% of the patients in each arm were taking diuretics as background therapy, and 93% were taking β-blockers. In the sacubitril--valsartan arm, 54.2% of patients received a mineralocorticoid antagonist, as did 57% of the controls. About 30% of all patients were also taking digitalis.[@b29-dddt-10-1627]

After a median duration of 27 months of follow-up, the trial was interrupted, because the prespecified boundary for benefit (one-sided *P*\<0.001 for reduction in both cardiovascular death and the composite of cardiovascular death and first hospitalization for worsening HF) had been crossed. In the PARADIGM-HF trial, the primary composite end point of death from cardiovascular causes or first hospitalization for worsening HF occurred in 21.8% of the sacubitril--valsartan group and 26.5% of the enalapril group (hazard ratio 0.80, 95% confidence interval 0.73--0.87; *P*\<0.001). In this study, the numbers needed to treat to prevent one primary composite event (cardiovascular death or first hospitalization for chronic HF) and one cardiovascular death were 21 and 32, respectively. The combination significantly reduced the risk of first hospitalization for worsening HF (12.8% vs 15.6%, *P*\<0.001), death from cardiovascular causes (13.3% vs 16.5%, *P*\<0.001), and all-cause mortality (17.0% vs 19.8%, *P*\<0.001).[@b29-dddt-10-1627]

Sacubitril--valsartan had higher reported rates of hypotension and lower rates of cough and renal impairment relative to enalapril. Discontinuation of study medication owing to an adverse event was less frequent among patients in the sacubitril--valsartan group (10.7% vs 12.3%, *P*=0.03). Nineteen patients (0.5%) in the sacubitril--valsartan group and ten patients (0.2%) in the enalapril group experienced angioedema (*P*=0.13).[@b29-dddt-10-1627]

Is PARADIGM-HF exempt from criticism?
=====================================

In PARADIGM-HF, the authors declared that their results were applicable to a broad spectrum of patients with HF, including those currently taking an ACEI or ARB or who were likely to be able to take such an agent without having unacceptable side effects, but we have some doubts and considerations about this conclusion.

Firstly, this study had a run-in phase, ie, before patients were randomized, both treatments were tried, and only patients that tolerated the treatment participated in the study. Therefore, the results presented were from the patients selected for tolerating the drug, a condition that may reduce the external validity of the study's safety. In relation to safety, what would the result be in a representative sample of a real-world population?

Secondly, which stable patients should be switched from using RAAS inhibitors to the sacubitril--valsartan combination? Unlike clinical practice, every trial patient underwent a controlled run-in period during which tolerability was carefully assessed. Despite the exclusion of a large number of potential study candidates, symptomatic hypotension remained higher in the sacubitril--valsartan group. This suggests that patients with borderline blood pressure, hypotensive individuals, or those tolerating less than recommended doses of vasodilators may encounter difficulties with the sacubitril--valsartan association. The authors stated that because of its greater vasodilator effects, treatment with LCZ696 was associated with a higher rate of symptomatic hypotension, but there was no increase in the rate of discontinuation due to possible hypotension-related adverse effects. Although the greater hypotensive effect of LCZ696 might impair renal perfusion, clinically important increases in the serum creatinine level and discontinuation of the study drug because of renal impairment were less frequent in the LCZ696 group than in the enalapril group.[@b29-dddt-10-1627] In addition, the authors said that the effects of LCZ696 on renal function were consistent with the effects observed in experimental studies[@b62-dddt-10-1627] and with findings in earlier trials of omapatrilat.[@b51-dddt-10-1627],[@b52-dddt-10-1627]

Finally, the target dose of enalapril in the control group was 20 mg/day. This dose was proportionally lower than the valsartan dose. The European and American guidelines recommend that the target enalapril dosage for treating HF is 10--20 mg twice daily, and the dose of enalapril in PARADIGM-HF was half the maximal approved dosage.[@b63-dddt-10-1627],[@b64-dddt-10-1627] On the other hand, in the PARADIGM-HF trial, sacubitril--valsartan twice daily reduced the incidence of cardiovascular death by 19% compared with enalapril 10 mg twice daily (the rates were 16.5% and 13.3%, respectively).[@b29-dddt-10-1627] Besides, the sacubitril--valsartan combination lowered mean systolic blood pressure 3.2±0.4 mmHg more than enalapril,[@b29-dddt-10-1627],[@b65-dddt-10-1627] a fact that may account for much of this benefit. Previous data showed that a 2 mmHg decrease in systolic blood pressure reduced the risk of cardiovascular death by 7% in middle-aged adults.[@b66-dddt-10-1627] That study did not involve HF patients, but if its results are remotely applicable to PARADIGM-HF, a 3.2 mmHg reduction in systolic blood pressure might be expected to reduce the rate of cardiovascular deaths by 10%--11%.[@b67-dddt-10-1627]

Therefore, would a sacubitril--valsartan combination be superior to enalapril if the maximal dose of enalapril were compared to the maximal dose of sacubitril--valsartan? Would sacubitril--valsartan be superior to enalapril if blood pressure were lowered comparably between the two groups?

In relation to first question, the authors said that the choice of an active comparator was based upon the SOLVD trial, which was a pivotal ACEI mortality/morbidity study in a broad spectrum of patients with HFrEF.[@b15-dddt-10-1627] In the SOLVD trial, the target dose of enalapril was 10 mg twice daily and the mean daily prescribed dose in patients taking enalapril was 16.6 mg/day. The same target dose of enalapril was used in several other HF trials, in which the mean daily dose of enalapril was between 15 and 18 mg.[@b14-dddt-10-1627],[@b68-dddt-10-1627]--[@b73-dddt-10-1627] Two trials, which had higher target doses (20 mg twice daily and 30 mg twice daily), achieved only slightly greater average doses (18.4 and 19.3 mg, respectively), with less than 50% of patients titrated to target.[@b14-dddt-10-1627],[@b71-dddt-10-1627] Therefore, the authors considered that "... from a regulatory perspective, the 'gold standard' comparator for LCZ696 is enalapril 10 mg bid. \[twice daily\], the most tested ACE inhibitor in HFrEF", and they anticipated that achieving a similar average dose to that attained in the SOLVD trial would be required.[@b74-dddt-10-1627] Moreover, this dosage of enalapril was chosen based on its survival benefit in previous trials. However, this still raises the question of whether the benefit seen in the sacubitril--valsartan group was due to greater inhibition of the RAAS rather than to the new drug.[@b75-dddt-10-1627] Another important point is that the fixed dose of 20 mg a day of enalapril used in the study is not the same as a mean dose of 20 mg a day, which results from individualization according to the patient, using higher doses in some and lower doses in others. A mean dose of 20 mg a day is probably more effective than a fixed dose of 20 mg a day.[@b76-dddt-10-1627]

To address the second point, it seems that the sacubitril--valsartan group had better treatment than the control group. This can be suggested by a lower blood pressure level in the LCZ696 group compared to the control group, maybe evidencing a greater blockade of the RAAS (greater dose of valsartan vs enalapril), a fact previously highlighted.[@b77-dddt-10-1627] On the other hand, the addition of the NEP inhibition in this group resulted in greater vasodilator effects, a situation evidenced by a higher chance of symptomatic hypotension in the sacubitril--valsartan group. This could be a limitation of the study, although the authors wrote that the benefit of LCZ696 over enalapril was not explained by the small difference in blood pressure, because when the difference in the blood pressure between the two groups was examined as a time-dependent covariate, it was not a significant predictor of the benefit of sacubitril--valsartan.[@b29-dddt-10-1627]

Progression of heart failure and evaluation of subgroups in PARADIGM-HF
=======================================================================

The PARADIGM-HF investigators reported that among the survivors in the study, those who received sacubitril--valsartan presented better outcomes in terms of a number of markers of progression of HF, with lower rates of: 1) intensification of medical treatment for HF (16% risk reduction); 2) emergency department visits for worsening HF (34% risk reduction); and 3) hospitalizations for worsening HF (23% fewer), need for intensive care (18% rate reduction), need for intravenous inotropic agents (31% risk reduction), and need for cardiac devices or heart transplants (22% risk reduction). Besides, the patients also had lower rates of worsening symptom scores and elevation of biomarkers of myocardial injury.[@b78-dddt-10-1627] In relation to evaluation of subgroups, a brief description of the effects of sacubitril--valsartan association in these situations follows.

Age
---

Drug tolerance and outcomes in patients with HF vary by age. The prespecified efficacy and safety outcomes were examined in PARADIGM-HF according to age-group (years): \<55 (n=1,624), 55--64 (n=2,655), 65--74 (n=2,557), and ≥75 (n=1,563). A larger number of patients with a broader range of ages were included in PARADIGM-HF than in any previous trial in HFrEF. The sacubitril--valsartan:enalapril hazard ratio was \<1 in all categories, with an overall hazard ratio of 0.8 (0.73, 0.87; *P*\<0.001). Although the rate of death and HF hospitalization increased with age in both groups, the sacubitril--valsartan association was more beneficial than enalapril across the broad spectrum of age and intolerance of association leading to treatment withdrawal was uncommon, even in elderly individuals.[@b79-dddt-10-1627] In addition, the enrolled population was in fact not very old (median age was 63.8 years).[@b80-dddt-10-1627]

Ethnicity
---------

The majority of patients in PARADIGM-HF were white (66%) or Asian (18%). It is well known that black Americans have an increased risk of angioedema,[@b81-dddt-10-1627] but their presence in the PARADIGM-HF population was low (\~5%). Therefore, it is difficult to draw definitive conclusions regarding the safety of this medication in this racial group.[@b80-dddt-10-1627]

Ejection fraction
-----------------

The influence of EF on clinical outcomes and the effectiveness of sacubitril--valsartan compared with enalapril was evaluated. The primary study end point was cardiovascular death or HF hospitalization. The mean left ventricular EF (LVEF) in PARADIGM-HF was 29.5 (interquartile range 25--34). The risk of all outcomes increased with decreasing LVEF. Each 5-point reduction in LVEF was associated with a 9% increased risk of cardiovascular death or HF hospitalization and a 7% increased risk in all-cause mortality in adjusted analyses. In this post hoc analysis of patients with HFrEF, LVEF was a powerful independent predictor of all outcomes. The sacubitril--valsartan association was effective at reducing cardiovascular outcomes and all-cause mortality across the LVEF spectrum, with no evidence of effect modification for any end point.[@b82-dddt-10-1627]

Biomarkers
----------

In patients with HFrEF, BNP measurement contributes to better accuracy in diagnosis, reduces the rate of hospitalizations, and decreases mortality rates.[@b83-dddt-10-1627] Moreover, NP level represents a useful marker to monitor the course of the disease in relation to the benefits of therapeutic strategies.[@b84-dddt-10-1627] Therefore, the important clinical implications of NPs in HF indicate that NP-level measurement is one of the most effective tools for HF hormone-guided therapy.[@b85-dddt-10-1627] These clinical findings were confirmed by the effects on biomarkers measured in surviving patients in the trial.[@b78-dddt-10-1627] The levels of both urinary cyclic GMP and plasma BNP were higher during treatment with sacubitril--valsartan than with enalapril,[@b78-dddt-10-1627] which is expected when NEP inhibition occurs.[@b86-dddt-10-1627] In contrast, patients receiving LCZ696 had consistently lower levels of N-terminal (NT)-proBNP (reflecting reduced cardiac wall stress) and troponin (reflecting reduced cardiac injury) compared to the enalapril group. As BNP (but not NT-proBNP) is a substrate for NEP, levels of BNP reflect the action of the drug, whereas levels of NT-proBNP reflect the effects of the drug on the heart.[@b78-dddt-10-1627],[@b87-dddt-10-1627]

Diabetes
--------

The patients of PARADIGM-HF were also examined according to history of diabetes mellitus and glycemic status (baseline HbA~1c~ \<6%, 6%--6.4% \[prediabetes\], and ≥6.5% \[diabetes mellitus\]). Patients with a history of diabetes mellitus (n=2,907 \[35%\]) had a higher risk of the primary composite outcome of HF hospitalization or cardiovascular mortality compared with those without a history of diabetes mellitus (adjusted hazard ratio 1.38, 95% confidence interval 1.25--1.52; *P*\<0.001). Patients with prediabetes were also at higher risk (hazard ratio 1.27, 95% confidence interval 1.10--1.47; *P*\<0.001) compared with those with HbA~1c~ \<6%. LCZ696 (sacubitril--valsartan) was beneficial compared with enalapril, irrespective of glycemic status.[@b88-dddt-10-1627]

Concerns in relation to sacubitril--valsartan
=============================================

Two potential long-term side effects and safety concerns related to the inhibition of neprilysin warrant consideration. Initially, there is evidence that NEP has protective activity against Alzheimer's disease by degrading the amyloid-β (Aβ) peptide.[@b89-dddt-10-1627] Inhibition of NEP in mice has resulted in increases in the levels of Aβ and plaque-like deposits in the brain to levels that are 30--50 times higher than normal levels; these increases might lead to cognitive impairment.[@b89-dddt-10-1627] However, neprilysin is one of more than 20 enzymes that modulate the removal of Aβ peptides, some of which are implicated in the pathogenesis of Alzheimer-type dementia.[@b90-dddt-10-1627] On the other hand, the results on this condition are controversial. Cognition-, memory-, and dementia-related adverse events did not increase in the LCZ696 group of the PARADIGM-HF trial. Therefore, NEP inhibition may block the breakdown of the key Aβ peptide that has been implicated in the pathogenesis and progression of Alzheimer's disease. Cognitive function must be assessed during long-term treatment with sacubitril--valsartan, especially in elderly individuals. A trial of sacubitril--valsartan vs valsartan that includes repeated measurements of cognitive function in patients who have HF and preserved EF (HFpEF) is ongoing.[@b91-dddt-10-1627]

Another concern about neprilysin and its inhibition is related to cancer. NEP seems to have a protector role in some kinds of cancer. Protection derives from the inactivation of mitogenic peptides, including endothelin 1 and bradykinin. NEP inhibits prostate cancer-cell invasion in vitro,[@b92-dddt-10-1627] and neprilysin overexpression has been associated with improved disease-free survival among women with breast cancer.[@b93-dddt-10-1627] However, in PARADIGM-HF no increase in the risk of cancer was associated with LCZ696. Moreover, 2-year carcinogenicity studies involving rodents that received the NEP inhibitor (sacubitril) component of LCZ696 did not show any increase in the incidence of tumors. Furthermore, there was no evidence of genotoxic potential in genetic toxicity studies of LCZ696, sacubitril, or the active metabolite LBQ657.[@b94-dddt-10-1627]

Other uses for sacubitril--valsartan
====================================

Hypertension
------------

In one of the first studies in the area of hypertension, Ruilope et al assessed 1,328 hypertensive subjects with uncomplicated mild-to-moderate essential hypertension to establish whether the dual actions of LCZ696 were superior to valsartan in lowering of blood pressure.[@b95-dddt-10-1627] Systolic, diastolic, and pulse pressures, both sitting and ambulatory, presented greater reductions with LCZ696 than with either valsartan or an NEP-inhibitor prodrug (AHU377) administered separately. The dual inhibition of the angiotensin II receptor and neprilysin was well tolerated at all doses, without excessive coughing and with no instances of angioedema, possibly because neprilysin is a minor enzyme in the metabolic pathway for bradykinin degradation. This shows that the dual inhibition provided by this drug has complementary effects, and suggests that the effects related to kinins from ACEIs are not needed for these beneficial effects. Similar findings were reported in an Asian population of hypertensive subjects.[@b96-dddt-10-1627]

The safety of LCZ696 was also evaluated in 35 Japanese patients with severe hypertension (systolic blood pressure ≥180 mmHg or diastolic blood pressure ≥110 mmHg), who initially received LCZ696 200 mg. If necessary, the LCZ696 dose was increased to 400 mg after 2 weeks followed by an optional addition of another antihypertensive drug (except ARBs or ACEIs) after 4 weeks (n=21). There was clinically meaningful blood pressure reduction in patients with severe hypertension. The LCZ696-based regimen was well tolerated, and cases of angioedema were not registered.[@b97-dddt-10-1627] The use of LCZ696 is justified, because it enhances NP levels and may be an attractive treatment option, particularly in Asian patients who generally have high salt sensitivity and salt intake.

Heart failure with preserved ejection fraction
----------------------------------------------

Individuals with HFpEF were evaluated in the PARAMOUNT trial, which compared LCZ696 with valsartan.[@b87-dddt-10-1627] Compared to valsartan alone, the LCZ696 group had significantly lower NT-proBNP levels, and at 36 weeks decreased left atrial size and a trend toward improvements in New York Heart Association functional class.[@b87-dddt-10-1627] Another study to confirm the beneficial effects of dual inhibition in individuals with HFpEF, the PARAGON trial has begun.[@b91-dddt-10-1627] It intends to enroll 4,300 patients with LVEF \>45%.

Renal disease
-------------

Blockade of the RAAS by either ACEIs or ARBs slows the progression of chronic kidney disease, with and without diabetes.[@b98-dddt-10-1627]--[@b100-dddt-10-1627] The NEP inhibitor candoxatrilat has been shown to be associated with natriuresis in patients with moderate impairment of renal function.[@b101-dddt-10-1627] In trials with humans, omapatrilat was associated with greater slowing of renal function impairment than ACEIs.[@b50-dddt-10-1627],[@b51-dddt-10-1627] Similar findings were observed with ARNI (neprilysin--valsartan) in the PARADIGM-HF trial.[@b29-dddt-10-1627]

These data suggest that neprilysin--valsartan may be superior to blockers of the RAAS in respect to renal function. Another study is comparing neprilysin--valsartan with the ARB irbesartan in subjects with renal disease and an estimated glomerular filtration rate between 20 and 60 mL/min/1.73 m^2^.[@b102-dddt-10-1627] As HF and renal dysfunction coexist, the question is whether ARNI might retard the development and/or progression of both conditions.

Vascular stiffness
------------------

In the elderly, vascular stiffness raises systolic blood pressure, pulse pressure, and pulse-wave velocity, which are independent predictors of cardiovascular events and of the progression of renal disease.[@b103-dddt-10-1627]--[@b105-dddt-10-1627] In turn, noninvasively determined aortic blood pressure (central) is superior to brachial blood pressure (peripheral) in estimating cardiovascular risk.[@b106-dddt-10-1627],[@b107-dddt-10-1627] It is well known that central systolic blood pressure is a potent predictor of LV hypertrophy, whereas pulse pressure is a predictor of vascular hypertrophy.[@b108-dddt-10-1627] Omapatrilat presents a better response than enalapril in the reduction of both central and peripheral blood pressures, reflecting a reduction of vascular stiffness. This effect may be caused by the elevation of circulating ANP consequent to NEP inhibitors.[@b49-dddt-10-1627]

LCZ696 also reduced both ambulatory systolic and pulse pressures more than valsartan.[@b95-dddt-10-1627] Further research could help to elucidate the role of the sacubitril--valsartan combination on vascular stiffness, and the PARAMETER study will compare LCZ696 with an ARB (olmesartan) in elderly hypertensive patients with a pulse pressure \>60 mmHg.[@b109-dddt-10-1627]

Mechanisms involved in the therapeutic answer to sacubitril--valsartan association in PARADIGM-HF
=================================================================================================

When we compared the two RAAS blockers (ACEIs and ARBs) already standard in the treatment of HFrEF, with a new class of ARNI, we observed a significant additional reduction in cardiovascular mortality with ARNI ([Figure 5](#f5-dddt-10-1627){ref-type="fig"}).[@b15-dddt-10-1627],[@b29-dddt-10-1627],[@b36-dddt-10-1627],[@b110-dddt-10-1627] In summary, the effects of sacubitril--valsartan on the NP system and RAAS in HF could explain the clinical benefits, but more studies will be necessary to investigate these findings. It seems unlikely that the benefits of sacubitril--valsartan are due to the valsartan component of the ARNI by itself, because the studies with ARBs were never superior to studies with ACEIs.[@b36-dddt-10-1627],[@b110-dddt-10-1627]--[@b113-dddt-10-1627] The elevation of NP levels in the blood by itself does not seem to justify the benefits either, in view of the negative results on outcomes of previous studies with NEP inhibitors and vasopeptidase inhibitors, although a higher quantity of NPs can bind to receptors and produce the biological response. This possibility can be observed in a subpopulation of PARADIGM-HF, in which urinary cGMP was elevated in the group treated with sacubitril--valsartan.[@b114-dddt-10-1627] This can occur because NEP inhibitors augment the active NPs and consequently increase the generation of myocardial cGMP. On the other hand, the concomitant blockade of RAAS by the ARB (valsartan) may have partially antagonized the NPR-A downregulation, given the interactions between the angiotensin II and NP intracellular signaling pathways.[@b36-dddt-10-1627],[@b115-dddt-10-1627],[@b116-dddt-10-1627] Finally, two important roles can be attributed to the blood pressure-lowering effect of LCZ696 and the blockade of the AT~1~ receptor, which counteracts the increase in angiotensin II due to NEP inhibition.

Conclusion
==========

The better clinical outcomes of the sacubitril--valsartan combination over enalapril in patients with HFrEF in the PARADIGM-HF trial represent a significant success with important clinical implications, despite all the doubts and concerns about this association. Although the results of PARADIGM-HF are noteworthy and promising, further research in other trials on HF and hypertension is necessary. It is important to ascertain how the drug will be tolerated when it is used in clinical practice.
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![Schematic of natriuretic peptides and bradykinin and their physiological effects.\
**Abbreviations:** ACE, angiotensin-converting enzyme; NEP, neprilysin; RAAS, renin--angiotensin--aldosterone system.](dddt-10-1627Fig1){#f1-dddt-10-1627}

![Schematic of action mechanism of NEP and ACE inhibitors (omapatrilat).\
**Abbreviations:** NEP, neprilysin; NPs, natriuretic peptides; Angio II, angiotensin II; ACE, angiotensin-converting enzyme.](dddt-10-1627Fig2){#f2-dddt-10-1627}

![Schematic of action mechanism of NEP (sacubitril) and ARB (valsartan) inhibitors in heart failure.\
**Abbreviations:** ARB, angiotensin-receptor blocker; NEP, neprilysin; NPs, natriuretic peptides; Angio II, angiotensin II.](dddt-10-1627Fig3){#f3-dddt-10-1627}

![The central role of LCZ696 in the dual inhibition of the RAAS and of neprilysin.\
**Notes:** Heart failure with reduced ejection fraction (HFrEF) activates both the SNS and the RAAS, which act in the release of renin. Renin acts on angiotensinogen to produce Angio I. ACE catalyzes the formation of Angio II, which acts on the AT~1~ receptor, whose physiological actions include the release of aldosterone, besides vasoconstriction and sodium retention. The HFrEF also activates the NPS with release of ANP and BNP, whose physiological actions result in vasodilation, natriuresis, diuresis, and fibrosis inhibition. ANP also blocks the release of renin. On the other hand, neprilysin breaks down ANP. The LCZ696 has two components: an angiotensin-receptor blocker (valsartan), which blocks activation of RAAS; and a neprilysin inhibitor (sacubitril), which preserves ANP. These actions produce beneficial effects on vasodilation, natriuresis, diuresis, and fibrosis inhibition.\
**Abbreviations:** SNS, sympathetic nervous system; RAAS, renin--angiotensin--aldosterone system; NPS, natriuretic peptide system; Angio I, angiotensin I; Angio II, angiotensin II; ANP, atrial natriuretic peptide; BNP, brain natriuretic peptide.](dddt-10-1627Fig4){#f4-dddt-10-1627}

![Additional benefit of an angiotensin--neprilysin inhibitor on cardiovascular death compared to an angiotensin-receptor blocker and an ACE inhibitor.\
**Notes:** The CHARM (candesartan in heart failure -- assessment of mortality and morbidity) alternative trial compared an angiotensin-receptor blocker with placebo,[@b110-dddt-10-1627] the SOLVD (effect of enalapril on survival in patients with reduced left ventricular ejection fractions and congestive heart failure) treatment trial compared an ACE inhibitor with placebo,[@b15-dddt-10-1627] and the PARADIGM-HF (prospective comparison of ARNI with ACEI to determine impact on global mortality and morbidity in heart failure) trial compared an angiotensin--neprilysin inhibitor with an ACE inhibitor.[@b29-dddt-10-1627] Adapted with permission of Portland Press Ltd, from The natriuretic peptides system in the pathophysiology of heart failure: from molecular basis to treatment, Volpe M, Carnovali M, Mastromarino V, *Clin Sci (Lond)*, 130(2), © 2016; permission conveyed through Copyright Clearance Center, Inc.[@b36-dddt-10-1627]\
**Abbreviation:** ACE, angiotensin-converting enzyme.](dddt-10-1627Fig5){#f5-dddt-10-1627}
